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NUCLEOSIDES WITH ANTI-HEPATmS B VIRUS ACTIVITY 



Background of the Invention 

5 

This invention is in the area of methods for the treatment of hepatitis B 
vims (also referred to as "HBV) that includes administering an effective 
amount of one or more of the active compounds disclosed herein, or a 
pharniHceutically acceptable deriv'stivc or prodrug of oac of ihcsc 

10 compounds. 

HBV is second only to tobacco as a cause of human cancer. The 
mechanism by which HBV induces cancer is unknown, although it is 
postulated that it may direcUy trigger tumor development, or indirectiy 
trigger tumor development through chronic inflammation, cirrhosis, and 

15 cell regeneration associated with the infection. 

Hepatitis B virus has reached epidemic levels worldwide. After a two 
to six month incubation period in which the host is unaware of the 
infection, HBV infection can lead to acute hq)atitis and liver damage, that 
causes abdominal pain, jaundice, and elevated blood levels of certain 

20 enzymes. HBV can cause fulminant hqKUitis, a rapidly progressive, often 
htal form of the disease in which massive sectims of the liver are 
destroyed. Patients typically recover from acute viral hepatitis. In some 
patients, however, high levels of viral antigen persist in the blood for an 
extended, or indefinite, period, causing a chronic infection. Chronic 

25 infections can lead to chronic persistent hepatitis. Patients infected with 
chronic persistent HBV are most common in developing countries. By 
mid- 1991, there were sqyproximately 225 million chronic carriers of HBV 
in Asia alone, and worldwide, almost 300 million carriers. Chronic 
persistent hepatitis can cause fatigue, cirrhosis of the liver, and 
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hepatocellular carcinoma, a primary liver cancer. In western industrialized 
countries, high risk groups for HBV infection include those in contact with 
HBV carriers or their blood samples. The epidemiology of HBV is in fact 
very similar to that of acquired immunodeficiency syndrome, which 
5 accounts for why HBV infection is comnwn among patients with AIDS or 
HIV-associated infections. However, HBV is more contagious than HTV. 

Daily treatments with a-interfcron, a genetically engineered protein, 
has shown promise. A human serum-derived vaccine has also been 
developed to immunize patients against HBV. Vaccines have been 

10 produced through genetic engineering. While the vaccine has been found 
effective, production of the vaccine is troublesome because the supply of 
human serum from chronic carriers is limited, and the purification 
procedure is long and expensive. Further, each batch of vaccine prepared 
froir different serum must be tested in chimpanzees to ensure safety. In 

15 addition, the vaccine does not help the patients already infected with the 
virus. 

European Patent AppUcation No. 92304530.6 discloses that a group of 
1,2-pxathiolane nucleosides are useful in the treatment of hepatitis B 
infections. It has been rqwrted that the 2-hydroxymethyl-5-(cytosin-l-yl)- 

20 1,3-oxathiolane has anti-hepatitis B activity. Doong. et al,. Proc. of Natl. 
Acad. Sci, USA, 88. 8495-8499 (1991); Chang, et al., J. of Biological 
QlSOL, Vd 267(20), 13938-13942. The anti-hepatitis B activity of the (-) 
and (+)-enantiomers of 2-hydroxymethyl-5-(5-fluorocytosin-l-yl)-l,3- 
oxathiolane has been published by Furman, et al., in Antimicrobial Agents 

25 and Chemotherapy. Dec. 1992, pages 2686*2692. 

PCT/US92/03144 (International Publication No. WO 92/18517) filed 
by Yale University discloses a number of 6-L-nucleosides for the treatment 
of both HBV and HIV. Other drugs exlored for the treatment of HBV 
include adenosine arabinoside, thymosin, acyclovir, phosphonoformate, 
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zidovudine, (+)-cyanidanol, quinacrine, and 2*-fluoroaiabinosyl-5- 
iodouracil. 

An essential stq> in the mode of action of purine and pyrimidine 
nucleosides against viral diseases, and in particular, HBV and HTV, is their 
5 metabolic activation by cellular and viral kinases, to yield the mono-, di*, 
and tripho^hate derivatives. The biologicaUy active species of many 
nucleosides is the triphospahte form, which inhibits DNA polymerase or 
reverse transcriptase, or causes chain termination. The nucleoside 
derivatives that have been developed for ihe treatment of HBV and HIV to 

10 date have been presented for administration to the host in unphosphorylated 
form, notwithstanding the fact that the nucleoside must be phosphorylated 
in the cell prior to exhibiting its antiviral effect, because the triphosphate 
form has typically either been dq)hosphorylated prior to reaching the cell 
or is poorly absorbed by the cell. Nucleotides in general cross cell 

15 membranes very inefficiently and are generally not very not very potent in 
Yitia. Attempts at modifying nucleotides to increase the absorption and 
potency of nucleotides have been described by R. Jones and N. 
Bischofbergcr, Antiviral Research, 27 (1995) 1-17, the contents of which 
are incorporated herein by reference. 

20 In light of the fact that hq)atitis B virus has reached q)idemic levels 
worldwide, and has severe and often tragic effects on the infected patient, 
there remains a strong need to provide new effective pharmaceutical agents 
to treat humans infected with the virus that have low toxicity to the host. 
Therefore, it is another object of the present invention to provide a 

2 5 method and composition for the treatment of human patients or other hosts 
infected with HBV. 
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SumiDary of the Invention 

A method for the treatment of a host, and in particxilar, a human, 
infected with HBV is provided that includes administering an HBV- 
5 treatment amount of a nucleoside of the formula: 




15 is OH, CI, NH21 or H; or a pharmaceutically acceptable salt of the 

compound, optionally in a pharmaceutically acceptable carrier or diluent. 

In an alternative embodiment, the B-L-enantiomer of a compound of 
the formula: 

20 




25 

wherein is adenine, xanthine, hypoxanthine, or other purine, including 
an alkylated or halogenated purine is administered to a host in an HBV- 
treatment amount as described more fiiUy herein. 

In another alternative embodiment, the nucleoside is of the formula: 
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5 




wherein B is a purine or pyrimidine base; 

Y\ Y\ Y^ and i"* are indcpcndentiy H, OH, N3, NR'R", NOj, 

10 N0R\ -O-alkyl, -Oaryl, halo (including F. Q. Br, or D. -CN, - 

C(0)NH2, SH, -S-alkyl, or -S-aryl, and wherein typically three of Y\ Y^, 
Y^t and Y^ are either H or OH. The -OH substituent, when present, is 
typically a Y^ or Y^ group. As illustrated in the structure, Y^ and Y^ are in 
the arabino (erythro) configuraticMi, and Y^ and y' are in the threo (ribose) 

15 configuration. R is H, monophosphate, diphosphate, triphosphate, alkyl, 
acyl or a phosphate derivative, as described in more detail below. r\ R^, 
and R^ are independently alkyl (and in particular lower alkyl), aryl, 
aralkyl, alkaryl, acyl, or hydrogen. 

In a preferred embodiment, the nucleoside is provided as the indicated 

2 0 enantiomer and substantially in the absence of its corresponding enantiomer 
(i.e., in enantiomerically enriched form). 

In another embodiment, the invention includes a method for the 
treatment of humans infected with HBV that includes administering an 
HBV treatment amount of a prodrug of the specifically disclosed 

25 nucleosides. A prodrug, as used herein, refers to a pharmaceutically 
accq)table derivative of the specifically disclosed nucleoside, that is 
converted into the nucleoside on administration ia^ixa, or that has activity 
in itself. Nonlimiting examples are the 5' and N^-pyrimidine or N*-purine 
acylated r alkylated derivatives of the active compound. 
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In a preferred embodiment of the invention, the nucleoside is provided 
as the monophosphate, diphosphate or triphosphate in a formulation that 
protects the compound from dephoq)horylation. Formulations include 
liposomes, liposphcres, microqAcrcs or nanospheres (of which the latter 
5 three can be targeted to infected cells). In an alternative preferred 

embodiment, the nucleoside is provided as a monophosphate, diphosphate 
or triphosphate derivative (i.e., a nucleotide prodrug), for example an 
ester, that stabilizes the phosphate in vivo . In an alternative embodiment 
of this inventicMi, a stabilized phosphate derivative, as described further 
10 below, of FTC, BCH-189, or 3TC is provided for the treatment of 
hepatits. 

The disclosed nucleosides, or their pharmaceuticaUy acceptable 
prodrugs or salts or pharmaceuticaUy accqptable formulations containing 
these compounds are useful in the preventicm and treatment of HBV 

15 infections and other related conditions such as anti*HBV antibody positive 
and HBV-positive conditions, dironic liver inflammation caused by HBV, 
cirrhosis, acute hepatitis, fulminant hepatitis, chronic persistent hepatitis, 
and fatigue. These compounds or formulations can also be used 
prophylactically to prevent or retard the progression of clinical illness in 

2 0 individuals who are anti-HBV antibody or HBV-antigen positive or who 
, have been exposed to HBV. 

In one embodiment of the invention, one or more of the active 
compounds is administered in alternation or combination with one or more 
other anti-HBV agents, to provide effective anti-HBV treatmmt Examples 

25 of anti-HBV agents that can be used in alternation or combination therapy 
include but are not limited to the 2-hydroxymethyl-S-(S-fluorocytosin-l-yl)- 
1,3-oxathiolane ('FTC*, see WO 92/14743), its physiologically acceptable 
derivative, or physiologically acceptable salt; the 2-hydroxymethyl-5- 
(cytosin-l-yl)-l,3-oxathiolane (including the racemic BCH-189 form, or 
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3TC (BCH-189 enriched with the (-)-enantiomer)) its physiologically 
accq)tabl derivativie, or physiologically accq>table salt; 2*-fluon>-5-ethyi- 
arabinosyluracil (FEAU); carbovir, or interferon. 

Any noethod of alternation can be used that provides treatment to the 
5 patient Nonlimiting examples of alternation patterns include 1-6 weeks of 
administration of an effective amount of one agent followed by 1-6 weeks 
of administration of an effective amount of a second anti-HB V agent. The 
alternation schedule can include periods of no treatment. Combination 
therapy generally Lndudes the smultsnecus sdnunistratiori of an effective 

10 ratio of dosages of two or more anti-HBV agents. 

In light of the fact that HBV is often found in patients who are also 
anti-mv antibody or HlV-antigen positive or who have been exposed to 
HIV, the active anti-HBV compounds disclosed herein or their derivatives 
or prodrugs can be administered in the appropriate circumstance in 

15 combination or alternation with anti-HIV medications, including but not 
Umited to 3*-azido-3*-deoxythymidine (AZT), 2'.3*-didcoxyinosine (DDI), 
2',3'-dideoxycytidine (DDQ, 2\3*-dideoxy-2\3*-<Udehydrothymidine 
(D4T), 2-hydn)xymethyl-5-(5-fluorocytosin-l-yl)-l,3-oxathiolane (FTQ, 
or 2-hydroxymethyl-5-(cytosin-l-yl)-l,3-oxathiolane (racemic BCH-189 or 

20 BCH-189 enriched with the (-)-enantiomer, 3TC). Non-nucleoside RT- 
inhibiton such as the Tibo class of compounds, nevirapine, or 
pyrunidinme can also be administered in combination with the claimed 
compounds. 

The active anti-HBV agents can also be administered in combination 
25 with antibiotics, other antiviral compounds, antifungal agents, or other 
pharmaceutical agents administered for the treatment of secondary 
infections. 

In one embodiment, the nucleoside is provided as a phosphate 
derivative that is stabilized to decrease or eliminate dephosphorylation prior 
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to uptake into the infected cell. A number of stablized phosphate 
derivative groups in the 5*-position of the nucleoside art known and have 
been published in the literature. In one embodiment, the nucleoside is 
administered as a SATE derivative, as disclosed in more detail below. Any 
5 alternative stablized phosphate derivative can be placed in the 5'-position of 
the nucleoside that does not materially adversely affect the activity of the 
compound. 

Brirf Description of the Figures 

10 

Figure 1 is an illustration of the chemical structures of B-L-2*,3*- 
dideoxycytidine (B-L-FddQ, B-D-2\3'KUdeoxycytidine (B-IMdQ, B-L- 
2',3*-dideoxy-5-fluorocytidine (B-L-ddC), (-)-B.L-2-hydrDxymethyl-5-(5- 
fluorocytosin-l-yl)-l,3^xathiolane ((-)-B-L-FTC), (+)-B-D.2- 
15 hydroxymethyl-5-(5-fluorocytosin-l-yl)-l,3Hiioxolane ((+)-lW>-FDOQ, 
andf^L-2-amin<>^(RV9-[(4-hydroxymethyl)-tetrahydrofi^ 

Figure 2 is an illustration of the numbering scheme used in the 
chemical nomenclature fc' nucleosides in this text 

20 Detailed Description of the Invention 

As used herein, the term "enantiomerically pure* refers to a nucleoside 
composition that includes at least approximately 95 % , and preferably 
approximately 97%, 98%, 99%, or 100% of a single enantiomer of that 
25 nucleoside. 

The term alkyl, as used herein, unless otherwise specified, refers to a 
saturated straight, branched, or cyclic, primary, secondary, or tertiary 
hydrocarbon of C| to C|o, and specifically includes methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, r-butyl, pentyl, cyclopentyl, isopentyl. 
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neopentyl, hcxyl, isohcxyl, cyclohexyl, cyclohexylmethyl. 3-mcthylpentyU 
2,2-dimcthylbutyl, and 2,3-dimcthylbutyl. The alkyl group can be 
optionally substituted with one or more moieties selected from the group 
consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, 
5 nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or 
pbosphonate, either unprotected, or protected as necessary, as known to 
those skilled in the art, for example, as taught in Greene, et al., "Protective 
Groups in Organic Synthesis," John WUey and Sons, Second Edition, 
1991. The term lower alkyl, as used herein, and unless otherwise 

10 specified, refers to a to C4 ethyl, propyl, butyl, pentyl, hexyl, 
isopropyl, isobutyl, sec-butyl, or t-butyl group. 

As used herein, the term acyl qiecifically includes but is not limited to 
acetyl, propionyl, butyryl, pentanoyl, 3-methylbutyryl, hydrogen 
succinate, B-chlorobenzoate, benzoyl, acetyl, pivaloyl, mesylate, 

15 propionyl, valeryl, caproic, caprylic, capric, lauric, myristic, palmitic, 
stearic, and oleic. 

The term aryl, as used herein, and unless otherwise specified, refere to 
phenyl, biphcnyl, or naphthyl, and preferably phenyl. The aryl group can 
be optionally substituted with one or more moieties selected from the group 

20 consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, 
nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or 
lrtioq)honate, either unprotected, or protected as necessary, as known to 
those skilled in the art, for example, as taught in Greene, et al., 'Protective 
Groups in Organic Synthesis," John Wiley and Sons, Second Edition, 

25 1991, 

The term purine or pyrimidine base includes, but is not limited to, 
adenine, N^-alkylpurines, N^-acylpurines (wherein acyl is C(0)(alkyl, aryl, 
alkylaryl, or arylalkyl), N*-benzylpurine, N^-halopurine, N*-vinylpurine, 
N^-acetylenic purine, N*-acyl purine, N*-hydroxyalkyl purine, N^-thioalkyl 
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purine, N^-alkylpurincs, N^-alkyl-6-thiopurincs, thymine, cytosine, 6- 
azapyrimidinc, 2- and/or 4-mercaptopyrmidinc, uracU, C^- 
alkylpyrimidincs, C^-bcnzylpyrimidines, C^-halopyrimidines, C^- 
vinylpyrimidine, C^-acetylenic pyrimidine, C^-acyl pyrimidinc, C^- 
hydroxyalkyl purine, C*-amidopyrimidine, C^-cyanopyrimidine, C^- 
nitropyrimidine, C^-aniinopyrimidine, N^-alkylpurines, N^-alkyl-6- 
thiopurines, S*azacytidinyl, S-azauracilyl, triazolapyridinyl, 
iniidazolopyridinyl, pynolopyriniidinyl, pyrazolopyrimidinyL Functional 
oxygen and nitrogen groups on the base can be protected as necessary or 
desired. Suitable protecting groups are well known to those skilled in the 
art, and include trimethylsilyl, dimethylhexylsilyl, r-butyldimethylsilyl, and 
r-butyldiphcnylsilyl, trityl, alkyl groups, acyl groups such as acetyl and 
propionyl, methylsulfonyl, and {htoluylsulfonyl. 

As used herein, the term natural amino acid includes but is not limited 
to alanyl, vaiinyl, leucinyl, isoleucinyl, prolinyl, phenylalaninyl, 
tryptophanyl, methioninyl, glycinyl, serinyl, threoninyl, cysteinyl, 
tyrosinyl, asparaginyl, glutaminyl, aspartoyl, glutaoyl, lysinyl, argininyl, 
and histidinyL 

The invention as disclosed herein is a method and composition for the 
treatment of HBV infection and other viruses replicating in a like manner, 
in humans or other host animals, that includes administering an effective 
amount of one or more of the above-identified compounds, or a 
physiologically accq)table derivative, or a physiologically acceptable salt 
thereof, q>tionally in a pharmaceutically acceptable carrier. The 
compounds of this invention either possess anti-HBV activity, or are 
metabolized to a compound or compounds that exhibit anti-HBV activity. 
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I. Structure and Preparation of Active Nucleosides 

Stereochemistry 

The compounds used in the methods disclosed herein are enantiomers 
of 2\3'-dideoxycytidine, 2\3'-dideoxy-5-(halo or methyl)cytidine, 2- 
5 hydroxymcthyl-5-(5-fluorocytosin-l-yl)-l,3-dioxolane, or 2-amino-6-(OH, 
a, NHj, or H)-9-[(4-hydroxymethyl)-tetrahydn)furan-l-yl]purine. 

Since the T and 4' carbons of the sugar or dioxolanyl moiety (referred 
to below generically as the sugar moiety) of the nucleosides are chiral, 
their ncnhydrogcn subsutuwuti (CH2CR and the pyrimidine or purine base- 

10 respectively) can be either cis (on the same side) or trans (on opposite 
sides) with respect to the sugar ring system. The four optical isomers 
therefore are rq>resentfid by the following configurations (when orienting 
the sugar moiety in a horizontal plane such that the "primary" oxygen (that 
between the Cr and C4'-atoms; see Figure 2) is in back): cis (with both 

15 groups "up", which corresponds to the configuradon of naturally occurring 
nucleosides), cis (with both groups "down", which is a nonnaturally 
occurring configuration), trans (with the C2 substituent "up" and the C5 
substituent "down"), and trans (with the C2 substituent "down" and the C5 
substituent "up"). As indicated schematically in Figure 1, the "D- 

20 nucleosides" are cis nucleosides in a natural configuration and the "L- 
nucleosides" are cis nucleosides in the nonnaturally occurring 
configuration. 

The nucleosides useful in the disclosed method to treat HBV infection 
are 6-L-enantiomers, with the exception of FDOC, which is used in its S- 
2 5 D-enantiomeric form, because it has been discovered that the B-D- 

enantiomer of FDOC is surprisingly less toxic than the B-L-enantiomer of 
FDOC. 
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Prodniy Fnrmiilarinn^ 

The nucleosides disclosed herein can be administered as any derivative 
that upon administration to the recipient, is capable of providing directly or 
indirectly, the parent active compound, or that exhibits activity in itself. In 
5 one embodiment, the hydrogen of the 5*-OH group is replaced by a Ci-Cjo 
alkyl, including C, to C, alkyl; acyl in which the non-caibonyl moiety of 
the ester group is selected from straight, branched, or cyclic C,-Cjo alkyl 
including C, to C, alkyl, phenyl, or benzyl; a naturally occurring or 
nonnaturally occurring amino acid; alkoxyalkyl including methoxymethyl; 
10 aralkyi including benzyl; aryloxyalkyl such as phenoxymethyl; ayl 

including phenyl optionaUy substituted with halogen, C, to C4 alkyl or C, 
to C4 alkoxy; a dicarfooxylic acid such as succinic acid; sulfonate esters 
such as alkyl or aralkyi sulphonyl including methanesulfonyl; or a mono, di 
or triphaqrfiate ester. 
15 One or both hydrogens of the amino groups on the purine or 

pyrimidine base can be replaced by a C,-Cjo alkyl, including C, to C5 
alkyl; acyl in which the n<m-carbonyl moiety of the ester group is selected 
from straight, branched, or cyclic Ci-Cjo alkyl, including C, to C5 alkyl, 
phenyl, on benzyl; alkoxyalkyl including nMhoxymethyl; aralkyi including 
2 0 benzyl; aryloxyalkyl such as phenoxymethyl; aryl including phenyl 
optionally substituted with halogen, Ci to C4 alkyl or C, to C4 alkoxy. 

The active nucleoside can also be provided as a 5'-ether lipid, as 
disclosed in die following references, which are incorporated by reference 
herein: Kucera, L.S., N. Iyer. E. Leake, A. Raben, Modest E.J., D. 
25 L.W.. and C. Piantadosi. 1990. Novel membrane-interactive ether lipid 
analogs that inhibit infectious HIV-1 production and induce defective virus 
formation. AIDS Res Hum Retroviruses. 6:491-501; Piantadosi. C, J. 
Marasco C.J.. S.L. Morris-Natschke, K.L. Meyer, F. Gumus, J.R. 
Surles. K.S. Ishaq, L.S. Kucera, N. Iyer, C.A. Wallen, S. Piantadosi, and 
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E.J. Modest 1991. Synthesis and evaluation of novel ether lipid 
nucleoside conjugates for anti-HIV activity. J Med Chem. 34: 1408, 1414; 
Hostetlcr, K.Y., D.D. Richman, D.A, Carson, L.M. Stuhmiller, G.M. T. 
van Wijk, and H, van den Bosch. 1992. Greatly enhanced inhibition of 
5 human immunodeficiency virus type 1 replication in CEM and HT4-6C 
cells by 3'-deoxythymidine diphosphate dimyristoylglycerol, a lipid 
prodrug of 3,-deoxythymidine. Antimicrob Agents Chemother . 
36:2025,2029; Hostetler, K.Y., L.M. Stuhmiller, H.B. Lcnting, H. van 
den Bosch, and u.D. Richman, 1990. Synthesis and antiretroviral activity 
10 of phospholipid analogs of azidothymidine and other antiviral nucleosides. 
J. Biol Chem. 265:6112.7. 

Nucleotide Prodrygg 

Any of the nucleosides described herein, or any other nucleoside that 

15 has anti-hepatitis B activity, can be administered as a nucleotide prodrug to 
increase the activity, bioavalability, stability or otherwise alter the 
properties of the nucleoside. A number of nucleotide prodrug ligands are 
known. A nucleotide prodrug, as described herein, refen to a nucleoside 
that has a phosphate derivative on the 5*-position that is more stable in vivo 

20 than the parent (diosphate, and which does not materially adversely affect 
the anti-hepatits B activity of the nucleoside. Pho^honates are included as 
lrfK>q)hate derivatives. In general, alkylation, acylation or other lipophilic 
modification of ttie mono, di or triphosphoate of the nucleoside will 
increase the stability of the nucleotide. Examples of substituent groups that 

25 can replace one or more hydrogens on the the phosphate moiety are alkyl, 
aryl, steroids, carbohydrates, including sugan, 1,2-diacylglycerol and 
alcohols. Many are described in R. Jones and N. Bischofberger, Antiviral 
Research, 27 (1995) 1-17. Any of these can be used in combination with 
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the disclosed nucleosides to achieve a desired effect. Nonlimiting examples 
of nucleotide prodrugs are described in the following references. 

Ho, D.H.W. (1973) Distribution of Kinase and deaminase of Ip-D- 
arabinofiuanosylcytosine in tissues of man and muse. Cancer Res. 33, 
5 2816-2820; Holy, A. (1993) Isopolar phosphorous-modified nucleotide 
analogues. In: Dc Qercq (Ed.), Advances in Antiviral Drug Design, Vol. 
I, JAI Press, pp. 179-231; Hong, C.I., Nechacv, A., and West, C.R. 
(1979a) Synthesis and antitumor activity of iP-D-arabinoiuranosylcytosine 
conjugates of Cortisol and cortisone. Biochem. Biophys. Rs. Commun. 88, 

10 1223-1229; Hong. C.I., Nechacv, A., Kirisits, AJ. Buchheit, D.J. and 
West, C.R. (1980) Nucleoside conjugates as potential antitumor agents. 3. 
Synthesis and antitumor activity of l*0-D-arabinofuranosyl)cytosine 
conjugates of corticosteriods and selected lipophilic alcohols. 7. Med. 
Chem. 28, 171-177; Hostetler K.Y., StuhmiUer, L.M., Lenting, H.B.M. 

15 van den Bosch, 

H. and Richman, D.D. (1990) Synthesis and antiretrioviral activity of 
phospholipid analogs of azidothymidine and other antiviral nucleosides. 7. 
Biol. Chem. 265, 6112-6117; Hostetler, K.Y., Carson, D.A. and 
Richman, D.D. (1991); Phosphatidylazidothymidine: mechanism of 

20 antiretroviral action in CEM cells. 7. Biol. Chem. 266, 11714-11717; 
Hostcder, K.Y., Korba, B. Sridhar, C, Gardener, M. (1994a) Antiviral 
activity of phbsphatidyl-dideoxycytidine in hepatitis B-infected cells and 
enhanced hqatic uptake in mice. Antiviral Res. 24, 59-67; 
Hostetler, Richman, D.D., Sridhar, C.N. Feigner, P.L, Feigner, J., 

25 Ricci, J., Gardener, M.F. SeUeseth, D.W. and Ellis, M.N. (1994b) 

Phosphatidylazidothymidine and phosphatidyl-ddC: Assessment of uptake 
in mouse lymphoid tissues and antiviral activities in human 
immunodeficiency virus-infected cells and in rauscher leukemia virus- 
infected mice. Antimicrobial Agents Chemother. 38, 2792-2797; Hunston, 
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R.N., Jones, A. A. McGuigan, C, Walker, R.T., Balzarini, J., and De 
Cleicq, E. (1984) Synthesis and biological properties of some cyclic 
phosphotriesters derived from 2'-deoxy-5-fluorouridine. J. Med. Chem. 
27, 440-444; Ji, Y.H., Moog, C, Schmitt, G., Bischoff, P. and Luu, B. 
5 (1990); Monopho^oric acid diesten of 7P-hydroxycholesterol and of 
pyrimidine nucleosides as potential antitumor agents: synthesis and 
preliminary evaluation of antitumor activity. J. Med. Chem. 33, 2264- 
2270; Jones, A.S., McGuigan, C, Walker, R.T., Balzarini, J. and 
ijeCiercq, E. (i9»4) Synthesis, properties, and biological activity of some 

10 nucleoside cyclic phosphoramidates. J. Chem. Soc. Perkin Trans. I, 1471- 
1474; Juodka, B. A. and Smrt, J. (1974) Synthesis of ditribonuclcoside 
pho^(P->N) amino acid derivatives. Coll. Ciech. Chem. Comm. 39, 
363-968; Kataoka, S., Imai, J., Yamaji, N., Kato, M., Saito, M., 
Kawada, T. and Imai, S. (1989) Alkylacted cAMP derivatives; selective 

15 synthesis and biological activities. Nucleic Acids Res. Sym. Ser., 21, 1-2; 
Kataoka, S., Uchida, R. and Yamaji, N. (1991) A convenient synthesis of 
adenosine 3*,5*cyclic phosphate (cAMP) benryl and methyl triesten. 
Heterocycles 32, 1351-1356; Kinchington, D., Harvey, J.J., O'Connor, 
T.J., Jones, B.C.N.M., Devine, K.G., Taylor-Robinson, D., Jeffries. D.J. 

20 and McGuigan, C. (1992) Comparison of antiviral effects of zidovudine 
phoq>horanudate and phosphorodiamidate derivatives against HIV and 
ULV in viw. Antiviral Chem. CHiemother. 3, 107-112; Kodama, K., 
Morozumi. M., Saitoh, K.I., Kuninaka, H., Yoshino, H. and Saneyoshi, 
M. (1989) Antitumor activity and pharmacology of 1-3-D- 

25 arabinofiiranosylcytosine -5'-$tearyIphosphate; an orally active derivative 
of l-P-D-arabinofiuanosylcytosine. Jpn. J. Cancer Res. 80, 679-685; 
KoTty, M. and Engels, J. (1979) The effects of adenosine- and guanosine 
3 ',5 'phosphoric and acid benzyl esters on guinea-pig ventricular 
myocardium. Naunyn-Schmiedeberg's Arch. Pharmacol. 310, 103-111; 
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Kumar, A., Goe, P.L., Jones, A.S. Walker, R.t. Bakarini, J. and De 
Clercq, E. (1990) Synthesis and biological evaluation of some cyclic 
pho^onunidate nucleoside derivatives. J. Med. Chem. 33, 2368-2375; 
LcBec, C, and Huynh-Dinh, T. (1991) Synthesis of UpophiUc phosphate 
triester derivatives of S-fluorouridine and arabinocytidine as anticancer 
prodrugs. Tetrahedron Lea. 32,6553-6556; Lichtenstein, J., Bamer, H.D. 
and Cohen, S.S. (1960) The metabolism of exQgenously supplied 
nucleotides by Escherichia coll.. J. Biol. Chem. 235, 457-465; Lucthy, J., 
Von Daeniken, A., Friederich, J. Manthey, B., Zweifel, J., Schlatter, C. 
and Benn, M.H. (198 1) Synthesis and toxicological properties of three 
naturally occurring cyanoepithioalkanes. Mitt Geg. Lebensmittduntera. 
Hyg. 72. 131-133 (Chem. Abstr. 95, 127093); McGuigan, C. ToUerfield, 
S.M. and Riley, P.A. (1989) Synthesis and biological evaluation of some 
phosphate triester derivatives of the anti-viral drug Ant Nucleic Acids 
Res. 17, 6065-6075; McGuigan, C, Devine, K.G., O'Connor, T.J., 
Galpin, S.A., Jeffries. D.J. and Kinchington. D. (1990a) Synthesis and 
evaluation of some novel phosphoramidate derivatives of 3'-azido-3'- 
deoxythymidine (AZT) as anti-HIV compounds. AnHviral Chem, 
Chemother. 1, 107-113; McGuigan, C, O'Connor, T.J., NichoUs, S.R. 
Nickson, C. and Kinchington, D. (1990b) Synthesis and anti-HIV activity 
of some novd substituted dialky phosphate derivatives of AZT and ddCyd. 
AnHviral Chem, Chemother. 1, 355-360; McGuigan, C, Nicholls, S.R., 
O'Connor. T.J., and Kinchington, D. (1990c) Synthesis of some novel 
dialkyl phosirfiate derivative of 3'-modified nucleosides as potential anti- 
AIDS drugs. Antiviral Chem. Chemother. 1, 25-33; McGuigan, C, 
Devine, K.G., O'Connor, T.J., and Kinchington, D.(1991) Synthesis and 
anti-HTV activity of some haloalky phosphoramidate derivatives of 3'- 
azido-3'deoxythylmidine (AZT); potent activity of the trichloroethyl 
methoxyalaninyl compound. Antiviral Res. 15, 255-263; McGuigan, C, 
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Pafiiirana, R.N., Mahmood, N., Devine, K.G. and Hay, AJ. (1992) Aryl 
phoq)hate derivatives of AZT retain activity against HIVl in cell lines 
which are resistant to the action of AZT. Antiviral Res. 17, 31 1-321; 
McGuigan, C, Pathirana, R.N., Choi, S.M., Kinchington, D. and 
5 O'Connor, T.J. (1993a) Phoq)horanudate derivatives of AZT as inhibiton 
of HIV; studies on the carboxyl tenninus. Antiynral Chan, Chemother. 4, 
97-101; McGuigan, C, Pathirana, R.N., Balzarini, J. and De Clercq, E. 
(1993b) Intracellular delivery of bioactive AZT nucleotides by aryl 
pho^hate derivatives of AZT. J. Med. Otem. 36, 1048-1052. 
10 Alky hydrogen phosphonate derivatives of the anti-HIV agent AZT 
may be less toxic than the parent nucleoside analogue. Antiviral Chem. 
Chemother. 5, 271-277; Meyer, R. B., Jr., Shuman, D.A. and Robins, 
R.K. (1973) Synthesis of purine nucleoside 3',5'-cyclic phosphoramidates. 
Tetrahedron Lett. 269-272; Nagyvary, J. Ciohil, R.N., Kirchner, C.R. and 
15 Stevens, J.D. (1973) Studies on neutral esters of cyclic AMP, Biochem. 
Biophys. Res. Comnum. 55, 1072-1077; Namane, A. Gouyette, C, 
Filliwi, M.P., Pillion, G. and Huynh-Dinh, T. (1992) Improved brain 
delivery of AZT using a glycosyl phosphotriester prodrug. J. Med. Chem. 
35, 3039-3044; Nargeot, J. Nerbonne, J.M. Engds, J. and Leser, H.A. 
20 (1983) Natl. Acad. Sd. U.S.A. 80, 2395-2399; Nelson, K.A., Bentrude, 
W.G., Stser, W.N. and Hutchinson, J.P. (1987) The question of chair- 
twist equilibria for the phoq>hate rings of nucleoside cyclic 
3',5'monophoq>hates. 'HNMR and x-ray crystallographic study of the 
diasteromers of diymidine phenyl cyclic 3',5'-monophosphate. J. Am. 
25 Chem. Soc. 109, 4058-4064; Nertwnne, J.M., Richard, S., Nargeot, J. 
and Lester, H.A. (1984) New photoactivatable cyclic nucleotides produce 
intracellular jumps in cyclic AMP and cyclic GMP concentrations. Nature 
301, 74-76; Neumann, J.M., Herv<, M., Debouzy, J.C., Guerra, F.I., 
Gouyette, C, Dupraz, B. and Huynh-Dinh, T. (1989) Synthesis and 
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transmembrane transport studies by NMR of a glucosyl phospholipid of 
thymidine. J. Am. Chem. Soc. Ill, 4270-4277; Ohno, R., Tatsumi, N., 
Hiiano, M., Imai, K. Mizoguchi, H., Nakamura, T., Kosaka, M., 
Takatusld, K., Yamaya, T., Toyama, K., Yoshida. T., Masaoka, T., 
5 Hashimoto, S., Ohshima, T., Kimura, I., Yamada, K. and Kimura, J. 
(1991) Treatment of myelodysplasdc syndromes with orally administered 
1-0-D-rabinofuranosylcytosine -S'stearylphosphate. Oncology 48, 451- 
455. 

Palomino, E., Kessle, D. and Horwitz, J. P. (1989) A dihydropyridine 

10 carrier system for sustained delivery of 2',3'dideoxynucleosides to the 
brain. J. Med. Chem. 32, 622-625; Perkins, R.M., Barney, S., Wittrock, 
R., Clark, P.H., Levin, R. Lambert, D.M., Petteway, S.R., 
Serafinowska, H.T., Bailey, S.M., Jackson, S., Hamden, M.R. Ashton, 
R., Sutton, D., Harvey, J. J. and Brown, A.G. (1993) Activity of 

15 BRL47923 and its oral prodrug, SB2036S7A against a rauscher murine 
leukemia virus infection in mice. Antiviral Res. 20 (Suppl. I). 84; 
Piantadosi, C, Marasco, C.J., Jr., Morris-Natschke, S.L., Meyer, K.L., 
Gumus, F., Surles, J.R., Ishaq, K.S., Kucera, L.S. Iyer, N.. Wallen, 
C.A., Piantadosi, S. and Modest, E.J. (1991) Synthesis and evaluation of 

20 novel ^her lipid nucleoside conjugates for anti-HIV-1 activity. J. Med. 
Chem. 34, 1408-1414; Pompon, A., Lefcbvre, L, Imbach, J.L., Kahn, S. 
and Farquhar, D. (1994) Decomposition pathways of die mono- and 
bisdnvaloyioxymediyl) esters of azidothymidine-5'-monophoq>hate in cell 
extract and in tissue culture medium; an application of the ^ on-line ISRP- 

25 cleaning' HPLC technique. Antiviral Chem. Chemother. 5, 91-98; 
Postemaric, T. (1974) Cyclic AMP and cyclic GMP. Annu. Rev. 
Pharmacol. 14, 23-33; Prisbe, E.J., Martin, J.C.M., McGee, D.P.C., 
Barker, M.F., Smee, D.F. Duke, A.E., Matthews, T.R. and Verheyden, 
J.P.J. (1986) Synthesis and antiherpes virus activity of phosphate an 
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phosphonate derivatives of 9-[(l,3-dihydroxy-2-propoxy)methyl] guanine. 
J. Med. Chem. 29, 671-675; Pucch, F., Gossclin. G„ Lcfebvit. L, 
Pompon, A., Aubcrtin, A.M. Dim, A. and Imbach, J.L. (1993) 
Intracellular delivery of nucleoside monophosphate through a rcductase- 
5 mediated activation process. Antiviral Res. 22, 155-174; Pugacva, V.P., 
Klochkeva, S.L, Mashbits, F.D. and Eizengart, R.S. (1969). 

Toxicological assessment and health standard ratings for ethylene 
sulfide in the industrial atmosphere. Gig. Trf. Prof. Zabol. 13, 47-48 
(Chem. Abstr. 72, 212): Robins, R.K. (1984) The potential of nucleotide 

10 analogs as inhibitors of retroviruses and tumors. Pharm, Res. 11-18; 

Rosowsky, A., Kim. S.H., Ross and J. Wick, M.M. (1982) UpophiUc 5*- 
(alkylphosphate) esten of 1-P-D-arabinofuranosylcytosine and its ^-acyl 
and 2.2'-anhydn>-3'0-acyl derivatives as potential prodrugs. J. Med. 
Chem. 25, 171-178; Ross, W. (1961) Increased sensitivity of the walker 

15 turnout towards aromatic nitrogen mustards carrying basic side chains 

following glucose pretrcatment. Biochem. Pharm. 8, 235-240; Ryu, e.K., 
Ross, R.J. Matsushita, T., MacCoss, M., Hong, C.I. and West, C.R. 
(1982). Phospholipid-nucleoside conjugates. 3. Synthesis and prelinunary 
biological evaluation of l-^-D-arabinofuranosylcytosine 5'diphosphate[-], 

20 2-diacylglycerols. J. Med. Chem. 25, 1322-1329; SaffhiU, R. and Hume, 
W.J. (1986) The d^radation of 5-iododeoxyurindine and 5- 
bronnoeoxyuridine by serum from different sources and its consequences 
for the use of these compounds for incorporation into DNA. Chem. Biol. 
Interact. 57, 347-355; Saneyoshi, M., Morozumi, M., Kodama, K., 

25 Machida, J., Kuninaka, A. and Yoshino, H. (1980) Synthetic nucleosides 
and nucleotides. XVI. Synthesis and biological evaluations of a series of 
l-p-D-arabinofuranosylcytosine5'-alky orarylphosphates. Chem. Pharm. 
BuU. 28, 2915-2923; Sastry, J.K., Nehete, P.N.. Khan, S., Nowak, BJ., 
Plunkett, W., Arlinghaus, R.B. and Farquhar, D. (1992) Membrane- 
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permeable dideoxyuridine 5 '-monophosphate analogue inhibits human 
immunodeficiency virus infection, MoL Pharmacol. 41, 441-445; Shaw, 
LP., Jones, RJ. Arimilli, M.N., Louie, M.S„ Lee, W.A. and Cundy, 
K.C. (1994) Oral bioavailability of PMEA from PMEA prodrugs in male 
5 Sprague-Dawley rats. 9th Annual AAPS Meeting. San Diego, CA 

(Abstract). Shuto, S., Ueda, S., Imamura, S., Fukukawa, K. Matsuda, A. 
and Ueda, T. (1987) A facile one-step synthesis of 
5'phosphatidylnucieosides by an enzymatic two-phase reaction. 
Tetrahedron Lett. 28, 199-202; Shuto, S„ Itoh, H., Ueda, S., Imamura, 
10 S., Kuku]awa,K.,Tsujino, M., Matsuda, A. and Ueda, T. (1988) A 
facile enzymatic synthesis of 5'-(3-$n-phosphatidyl)nucleosides and their 
antileukemic activities. Cbem. Pharm. Bull. 36, 209-217. A preferred 
irfio^hate prodrug group is the S-acyl-2-thioethyl group, also referred to as 
"SATE". 

15 

Preparation of the Active Compounds 

The nucleosides used in the disclosed method to treat HBV infections 
in a host organism can be prepared according to published methods. 6-L- 
Nucleosides can be prepared from methods disclosed in, or standard 

2 0 modifications of methods disclosed in, for example, the following 
pubUcations: Jeong. et al., J. of Med. Chem., Ifi, 182-195, 1993; 
European Patent Application Publication No. 0 285 884; Ginu-Dellac, C, 
G. Gosselin, A.-M. Aubertin, G. Obcrt, A. Kim, and J.-L. Imbach, 3- 
Substituted thymine a-L-nucleoside derivatives as potential antiviral agents; 

25 svnthesis and biological evaluation. Antiviral Chem. Chemother. 2:83-92 
(1991); Johansson, K. N. G., B. G. Undborg, and R. Noreen, European 
Patent Application 352 248; Mansuri, M. M., V. Farina, J. E. Starretl, D. 
A. Benigni, V. Brankovan, and J. C. Martin, Preparation of the geometric 
isomers of DDC, DDA, IMC and D4T as potential anti-HIV agents, 
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Bioorg M>d, Chem. Lett. 1:65-68(1991); Fujimori, S., N. Iwanami, Y. 
Hashimoto, and K. Shudo, A convenient and stereoselective synthesis of 
2'-deoxy-6-L-ribonucleosides, Nucleosides a. NucleotiHM 11:341-349 
(1992); G6iu-Dellac, C, G. Gossdin, A.-M. Aubertin, G. Obert, A. 
5 Kim, and J.-L. Imbach, 3-Substituted thymine a-L-nucleoside derivatives 
as potential antiviral agents; synthesis and biological evaluation, Antiviral 
Chem. Chemother. 2:83-92(1991); Holy, A, Synthesis of 2' -deoxy-L- 
uridine. Tetrahedron Lett . 2:189-192(1992); Holy, A.. Nucleic acid 

mmrmn^nfc ami tK^ir onolrwre C^l TTT 1>Mwv>«m»^MM ^» A^^^., t 

10 ribonucleosides of the pyiimidine series. Cftllwt CZf ^h Chem Commun. 
37:4072-4087(1992); Holy, A, 2'-deoxy-L-uridine: Total synthesis of a 
uracil 2*-<ieoxynucIeoside ftom a sugar 2-aminooxazoline through a 2.2'- 
anhydronucleoside intermediate. In: Townsend LB, Tipson RS, ed. 
Nucleic Acid Chem. New York: WUey, 1992: 347-353. vol 1) (1992); 

15 Okabe, M., R.-C. Sun, S. Tan, L. Todaio, and D. L. Coffen, Synthesis 
of the dideoxynucleosides ddC and CNT from glutamic acid, 
ribonolactonc, and pyrimidine bases. J Org Chem. 53:4780-4786 (1988); 
Robins, M. J., T. A. Khwja, and R. K. Robins. Purine nucleosides. 
XXDC. Synthesis of 21-deoxy*L-adenosine and 21-deoxy-L-guanosine and 

20 their alpha anomcrs. J Org Chem. 35:363-639 (1992); G6nu-Dellac, C, 
Gosselin G., Aubertin A-M, Obert G., Kim A., and Imbach J-L, 3** 
Substituted thymine a-L-nucleoside derivatives as potential antiviral agents; 
synthesis and biological evaluation. Antiviral Chem. Chemother. 2(2): 83- 
92 (1991); G6iu-I>ellac, C, Gosselin G., Imbach J-L; Synthesis of new 

25 2'-deoxy-3'-substituted-a-L-threo-pentofuranonucleosides of thymine as a 
potential antiviral agents. leLLfitt 32(l):79-82 (1991); G£nu-Dellac, C, 
Gosselin G., Imbach J-L. Preparation of new acylated derivatives of L- 
arabino-fiiranose and 2-deoxy-l-erythro-pentofuranose as precursors for the 
synthesis of 1-pentofuranosyl nucleosides. 216:240*255 (1991); and G6nu- 
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Dcllac, C, Gossclin G., Pucch F, ct al. Systematic synthesis and anti/ixal 
evaluation of a*L-arabinofuranosyl and 2*-deoxy-a-L'^rythn>-pento- 
furanosyl nucleosides of the five natundly occurring nuclei acid bases. 
10(b): 1345-1376 (1991). 
5 2',3'-I>ideoxycytidine(DDQ is a known compound. TheD- 
enantiomer of DDC is currently being marketed by Hoffman-LaRoche 
mdcr the name Zalcitabine for use in the treatment of persons infected with 
HIV. See U.S. Patent Nos. 4,879,277 and 4,900,828. 

Enantiomerically pure B-D-dioxolane-nucleosides such as B-D-FDOC 

10 can be prepared as disclosed in detail in PCT/US91/09124. The process 
involves the initial preparation of (2R,4R)- and (2R,4S>4-acetoxy-2- 
(pro(ected-oxymethyl)-dioxolane from 1,6-anhydromannose, a sugar that 
COTtains all of the necessary stereochemistry for the enantiomerically pure 
final product, including the correct diastereomeric configuration about the 

15 1 positicm of the sugar (that becomes the 4'*position in the later formed 
nucleoside). The (2R,4R). and (2R,4S)-4.acetoxy-2-(protected- 
oxymethyl)*<lioxolane is condensed with a desired heterocyclic base in the 
presence of SnCLi, other Lewis acid, or trimethylsilyl triflate in an organic 
solvent such as dichloroethane, acetonitnle, or methylene chloride, to 

2 0 provide the stereochemically pure dioxolane-nucleoside. 

Enzymatic methods for the separation of D and L enantiomers of ds- 
nucleosides are disclosed in, for example, Nucleosides and Nucleotides, 
12(2), 225-236 (1993); European Patent Application Nos. 92304551.2 and 
92304552.0 filed by Biochem Pharma, Inc.; and PCT Publication Nos. 

25 WO 91/11186, WO 92/14729, and WO 92/14743 filed by Emory 
University. 

Separation of the acylated or alkylated racemic mixture of D and L 
enantiomers of cis-nucleosides can be accomplished by high performance 
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liquid chromatography with chiral stationary phases, as disclosed in PCT 
PubUcation No. WO 92/14729. 

Mono, di, and tripho^hate derivative of the active nucleosides can 
be prepared as described according to published methods. The 

5 nKMK^oq>hate can be prqnred according to the procedure of Imaietal., 
J. Org. Chem.. 34(6). 1547-lSSO (June 1969). The diphosphate can be 
prepared according to the procedure of Davisson et al., J. Org. Chem 
52(9), 1794-1801 (1987). The triphosphate can be prepared according to 
the procedure of Hoard et al., J. Am. Chem Snr , 87(8), 1785-1788 
10 (1965). 

General Procedure for the Prenaniflno of Bk /S.afv U2.thiogthvn 
PhoSDhoester of B.L^ideoicvnuel^id« FBh rSATF^ B-L difcr MP^ 




Bis (SATE) P-L-ddxMP 

30 y', Y*, y', and Y* are independently H, OH, N,, NR'R^ NO,, NOR', - 
O-alkyl, 
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-Oaryl, halo (including F, CI, Br, or I), -CN. -C(0)NH2, SH, -S-alkyl, or 
-S-aryl, and wherein typically three of Y*, Y^, Y^ and Y* are either H or 
OH. The -OH substituent, when present, is typically a Y* or Y^ group. 
As illustrated in the structure, Y^ and Y^ are in the arabino (erythro) 
5 configuration, and Y^ and Y^ are in the threo (ribose) configuration. The 
base is a purine or pyrimidine. Alternatively, the psuedo-sugar moiety is a 
1,3-oxathiolane (as in FTC and BCH*189 or 3TC or is a 1,3-dioxolane 
derivative), (i) ICHjCHjOH, DBU/C6H5CH3; (ii) a2PN(iPr)2, 
NEta/THF; (iii) p-L-dideoxynucleoside, IH-tetrazole/THF, then 

10 aQH4C03H/CH3Cl3lH-Tetrazole (0.21g, 3.0 mmol) was added to a 
stirred solution of P-L-dideoxynucleoside (LO mmol) and the appropriate 
phoq>horamidite Q (1.2 mmol) in tetrahydrofuran (2mL) at room 
temperature. After 30 minutes, the reaction mixture was cooled to -40°C 
and a solution of 3-chloroperoxybenzoic add (0.23 g, 1.3 mmol) in 

15 dichloromethane (2.5 mL) was added; the mixture was then allowed to 
warm to room temperature over 1 h. Sodium sulfite (10% solution, 1.3 
mL) was added to the mixture to destroy the excess 3-chloroperoxybenzoic 
acid, after which the organic layer was separated and the aqueous layer 
washed with dichloromethane (2 x 10 mL). The combined organic layen 

2 0 were washed with saturated aqueous sodium hydrogen caibonate (S mL), 
then water (3x5 mL), dried over sodium sulfate, filtered and ev2yx>rated 
to dryness under reduced pressure. Column chromatography of the residue 
on silica gd afforded the tide Bis(S ATE) p-L-ddxm£. 
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EXANfPLE = p-L-2\3'-Didcoxyadenosin-5'-yl bis (2-pivaloylthioethyl) 
phosphate [Bis (SATE) p-L-ddAMQ. 



(CH3)3C-C^ ^CH2-0-[-PN(iPr), 
S— CHj 



10 



P-L-ddA, IH-ictrazole/THF 

thcnCIC^CCbH/CHjCIj 

then silica gel column chromaiography 

NHj 



1? <Xj 



15 



Bis(SATE)3-L^dAMP 



Following the above general procedure, pure Bis(SATE)p-L-<ldAM£ was 
obtained as a colorless oil in 72% yield after silica gel column 
chromatography [eluent: stq>wise gradient of m^hanol (0-3 X) in 
dichloromethane]; ' NMR (DMSO - de) 5 ppm: 8.26 and 8. 13 (2s, 2H 
25 each, H-2 and H-8), 7.20 (br s, 2H, NH,), 6.24 (t, IH, H-l*; J=6.0 Hz), 
4.35 - 4.25 (m. IH, H-4'), 4.25-4.00 (m, 2H, H-5', 5"), 3.96 (m, 4H, 2 
SCHjCHjO), 3.04 (t, 4H, 2 SOfjCHjO ; J = 6.3 Hz), 2.5 - 2.4 (m, 2H, 
H-2',2") 2.2-2.0 (m, 2H, H-3',3"), 1.15 [s. 18H, 2 (Ca3hC]: ^'ENMR 
(DMSOd«) 6 ppm = -0.76 (s) ; UV (EtOH) , X ^ = 259 nm (e 15400); 
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mass q)ectrum (performed in: glycerol, thioglycerol, 1:1, u/u), FAB>0 
604 (M+H)*, 136 (BH:)*. 



General scheme for the sterosDecifk: svnthgrf^ nf 3*-substitutid p-t ^ 
5 didemmiucleosideg qh 

' Sua 
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Compound S 
[see Fig. 1/2 of 
(he French patenti 
See Appendix 4 
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X = Leaving group [CHj SOj, CHj CeH* SO,, CFj SOJ 
Y, Y' - F, Nj, NR.Rj [R„R, = H, alkyl, aryl], 

NOj. NOR [R = H, alkyl, acyl], 0-alkyl, O-aiyl, etc. 
EXAKfPLE s l-(3-Azido-2-3-dideoxy-^L-erythio-pentofuianosyl) 
5 thymine [P-L-AZT] 



o 




P-L-AZr 

^ yield from & 

25 



30 
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A mixture of diethyl azodicaiboxylate (0.46 mL; 2.9 mmol) and 
diphenyl phosphorazidate (0.62 ml; 2.9 mmol) in THF (2.9 ml) was added 
dropwise over 30 min. to a solution of l-(2-deoxy-5-0-monomethoxytrityl- 
P-L-thieo-pentofiaanosyl) thymine fi [0.5 g, 0.97 mmol] and 
5 triphenylphosphine(0.76g, 2.9mmol)inTE£F11.6ml)atO°C. The 
mixture was stirred for 3.5h at room temperature, and ethanol was added. 
After COTcentration to dryness in vacuo, the residue was dissolved in a 
mixture of acidic acid (240 ml) and water (60 ml) in order to remove the 
mMTr protecting group. The mixture was stirred for 5 hours at room 

10 temperature and was diluted with toluene. The sq»rated aqueous phase 
was concentrated to dryness in vacuo. The residue was purified over a 
silica gd colunm duted with ethyl acetate to afford 3-L-AZT (105 mg, 
40%, crystallized from ediyl acetate). The irtiysicochemical data of p-L- 
AZT were in accordance with literature data [J. Wengel, J-Lau, E.B. 

15 Ledersen, C.N. Nielsen, J. Org. Chem. 5fi (1 1), 3591-3594 (1991)]. 
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General Scheme for the Stereoimerifli; S vnthette of 2*^bs»i^ |tf^ p-j^ 
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NO2, NOR (R = H, alkyl, acyl], O-alkyl, 0-aryl, etc. 
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^:XA\m^ = l-(2-FliK)ro-2,3Hiidcoxy-3-L-threo-pentofiiranosyl)-5- 
fluorocytosine [2'-F-p-L p-L-FddC] 




Hitherto unknown 2**F-3-L-FddC was synthesized in five steps from 
l-(5-0-benzoyl-3Hlcoxy-p-L-eiythro-pentofuranosyl)-5-fluoroura^ 
with an overall yield of 28%. m.p. 209-210^C (crystallized from absolute 
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cthanol); UV (Et OH) 276 « (e. 9000), 226« (e, 4000); "F- 
NMR (DMSO-d«) 6 ppm : -179.7 (m, Fj.) , -167.2 (dd, F,; Jp., = 7.3 Hz, 
Jp.r = 1.5Hz); 'H-NMR (DMSCM,) Sppm : 8.30 (d , IH, H-6; Jj., = 7.3 
Hz), 7.8-7.5 (br s, 2H, NH^), 5.80 (d, IH, H-l' J,..p - 17.4 Hz), 5.34 (t, 
5 IH, 0H.5'; J - 4.8 Hz), 5.10 (dd, IH, H-2': Jrjp = 51.2 Hz; Jj.„. = 
3.4 Hz), 4.3 (m, IH, H-4'), 3.8-3.6 (m, 2H, H-5',5"), 2.2-2.0 (m, 2H, 
H-3*, H-3"); mass spectra (performed in: glycerol-thioglyceiol, 1:1 u/u), 
FAB> 0:248 (M+H)*, 130 (BH^)*; FAB<0:246 (M-H)" ; [af^ = - 
16.5 (-c 0.85, DMSO). kasi. Calc. for C^i.NjOjFj ; C, 43.73; H, 
10 9.49; N. 17.00; F. 15.37 . Found: C, 43.56; H, 
4.78; N, 16.75; F, 14.96. 
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n. Anti-HBVAcUytty of Nucleosides 

The ability of the active compounds to inhibit HBV can be measured 
by various experimental techniques. The assay used herein to evaluate the 
5 ability of the disclosed compounds to inhibit the replication of HBV is 
described in detail in Koiba and Gerin, Antiviral Res. 19: 55-70 (1992). 
For purposes of illustration only, and without limiting the invention, the 
results of the evaluation of toxicity and anti-HBV activity are provided 
btlc'A' for 2=L=2',3'=didccxyc>tidir.e (S-L-FddC), S-L-2\3'-didcoxy-5- 

10 fluorocytidine (6-L-ddQ, and (+)-S-D-2-hydroxymethyl-5-(S- 

flu(m)cytosin-l-yl)-l,3-dioxolane ((+)-6-D-FD0Q. The toxicity and anti- 
HBV activity of (-)-B-L-2-hydroxymethyl-5-(5-fluo^ocytosin-l-yl)-l,3- 
oxathiolane ((-)-B-L-FTQ and fi-D-2',3'-dideoxycytidine (B-D-ddC) are 
included as controls. The other compounds disclosed herein can be 

15 evaluated similariy. 

The samples of 6-L-<IdC and 6-L-5-FddC used in the anti-HBV assays 
were characterized as follows. 

2'.3'-Dideoxy-fl-L-cytidine fB-L-DDQ . m.p. = 220-22(yC; UV 
2 0 (EtOH 95) max 273 nm, Xmin 252 nm; NMR-'h pMSO-d«) Sppm = 
7.89 (d. IH. H-6; J « 7.4 Hz). 7.15-6.95 (d large. 2H, NHj), 5.91 (dd. 
IH, H-r; ; - 3.0 et 6.5 Hz), 5.66 (d, IH, H-S; J » 7.4 Hz), 4.99 [t. 
IH, OH-5'; J - 5.2 Hz]. 4.05-3.95 (m, IH, H-4'), 3.60-3.70 (m, IH, H- 
5'; after DjO exchange: dd, 3.64 ppm, J » 3.6 et 12.0 Hz). 3.60-3.50 
25 (m. IH, H-5"; after D3O exchange: dd, 3.50 ppm, J - 4,1 et 12.0 Hz), 
2.30-2.15 (m. IH, H-2'). 1.9-1.65 (m. 3H, H-2", 3* et 3"); (alo^- 103.6 
(c 0.8 MeOH); mass spectrum (performed in: giycerol-thioglycerol, 50 : 
50. v/v); FAB>0 423 [2M-I-H]*, 304 [M+glycerol-l-H]*. 212 
[M-t-H]*, 112 [BHJ*, 101 [s]*; FAB<O210 [M-H]\ Anal. Calc.for 
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CjHijNjOj (M = 211.21); C 51.18; H 6.20; N 19.89 found; C 51.34; H 
6.25; N 20. 12. 

2'.3'-Dideo«v-B-L-5-fluomevtidineflUT-5-Fnno m.p. = 158- 
160»C; UV (EtOH 95) >.inax 281 nm (e, 8100) et 237 nm (e, 8500); min 
260 nm (e, 5700) et 225 nm (e, 7800); NMR - 'h PMSCHI^) Sppm 8.28 
(d. IH, K-6; J - 7.4 Hz), 7.7-7.4 (d large, 2H, NHj), 5.83 (dd poorly 
resolved, IH, H-l'), 5.16(t IH, OH-5'; J » 5.1 Hz). 4.05-3.95 (m, IH, 
H-4'), 3.8-3.70 [m,lH, H 5'; after D20 exchange: dd, 3.71 ppm. J - 2.7 
et 12.3 Hz], 3.60-3.50 (m. IH, H-5"; after DjO exchange: dd, 3.52 jom; 
J - 3.3 et 12.3 Hz], 2.35-2.15 (m, IH, H-2*). 1.95-1.75 (m, 3H, H-2", 
3' et 3"): [a]D**-80.0 (-c 1.0, DMSO); Mass spectrum (performed in: 3- 
nitrobenzyl alcohol] FAB>0 230 [M+HJ* et 101 [s]*; FAB<0 228 (M- 
nr. Anal. Qilculated for CiUiiS^OiCM - 229.21); C 47.16; H 5.28; N 
18.33, F 8.29, Found. C 16.90; H 5.28; N 18.07; F 8.17. 

The antiviral evaluations were performed on two sqtarate passages of 
cells, two cultures per passage (4 cultures total). All wdls, in all plates, 
were seeded at the same density and at the same time. 

Due to the inherent variations in the levels of both intracellular and 
extracellular HBV DNA. only dqnessions greater than 3.0-fold (for HBV 
virion DNA) or 2.5-fold (for HBV DNA replication intennediates) from 
the avoage leveb for these HBV DNA forms in untreated cells are 
generally considerBd to be statistically significant [P<0.05] (Kotba and 
Gerin, Antiviral Res. 19: 55-70, 1992). The levels of integrated HBV 
DNA in each cellular DNA prq»ration (which remain constant on a per 
cell basis in these experiments) were used to calculate the levels of 
intracellular HBV DNA forms, therd>y eliminating technical variations 
inherent in the blot hybridization assays. 

Typical values for extracellular HBV virim DNA in untreated ceUs 
range from 50 to 150 pg/ml culture medium (average f approximately 76 
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pg/ml). Intracellular HBV DNA replication intermediates in untreated 
cells nmge from 50 to 100 pg/ug cell DNA (average approximately 74 
pg/ug cell DNA). In general, dq)ressions in the levels of intracellular 
HBV DNA due to treatment with antiviral compounds are less pronounced, 
5 and occur more slowly, than dq>ressions in the levels of HBV virion DNA. 
For reference, the manner in which the hybridization analyses were 
performed for these experiments results in an equivalence of approximately 
1.0 pg intracellular HBV DNA/ug cellular DNA to 2-3 genomic copies per 
cell and 1.0 pg of extracellular HBV DNA/ml cijlnirft medium to 3 x 10^ 

10 viral particles/ml. 

Toxicity analyses were performed in order to assess whether any 
observed antiviral effects were due to a general effect on cell viability. 
The method used was based on the uptake of neutral red dye, a standard 
and widely used assay for cell viability in a variety of virus-host systems, 

15 including HSV (herpes simplex virus) and HIV. 

The test compounds were used in the form of 40 mM stock solutions in 
DMSO (frozen on dry ice). Daily aliquots of the test samples were made 
and frozen at -20^C so that each individual aliquot would be subjected to a 
single freeze-thaw cycle. The daily test aliquots were thawed, suspended 

20 into culture medium at room temperature and immediately added to the cell 
cultures. The compounds were tested at 0.01 to 10 fiM for antiviral 
activity. The compounds were tested for toxicity at concentrations from 1 
to 300 iM. The results are provided in Table 1. 
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Example! Toxicity Of Compounds. 

The ability f the active compounds to inhibit the growth of virus in 
2.2. IS cell cultures (HepGl cells transformed with hepatids virion) was 
evaluated. As illustrated in Table 1, no significant toxicity (greater than 
5 50% dq>ression of the dye uptake levels observed in untreated cells) was 
observed for any of the test compounds at the concentrations 100 ^M. The 
compounds were moderately toxic at 300 liM^ however, all three 
compounds exhibited less toxicity at this concentration than 6-D-ddC. It 
appean that the IC50 of B-L-ddC and 6-L-FddC is ai^ximately twice that 

10 ofB-D-ddC. 

Toxicity analyses were performed in 96-weU flat bottomed tissue 
culture plates. Cells for the toxicity analyses were cultured and treated 
with test compounds with the same schedule as used for the antiviral 
evaluations. Each compound was tested at 4 concentrations, each in 

15 triplicate cultures. Uptake of neutral red dye was used to determine the 
relative level of toxicity. The absorbance of internalized dye at 510 nM 
(Asto) was used for the quantitative analysis. Values are presented as a 
percentage of the average Asto values (± standard deviations) in 9 separate 
cultures of untreated cells maintained on the same 96-well plate as the test 

20 compounds. The percentage of dye uptake in the 9 control cultures on 

plate 40 was 100 ± 3. At 150-190 fM 6-D-ddC, a 2-fold reduction in dye 
uptake (versus the levels observed in untreated cultures) is typically 
observed in these assays (Korba and Gerin, Antiviral Res. 19: 55-70, 
1992). 
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Examples AnO-Hepatttis B Virus Activity 

The positive treatment control, B-D.2',3'-dideoxycytosinc (B-D-ddq, 
induced significant dqnessions of HBV DNA replication at the 
concentration used. Previous studies have indicated that at 9-12 of 6- 
5 D-ddC, a 90% depression of HBV RI (relative to average levels in 

untreated cells) is typicaUy observed in this assay system (Korba and Gerin, 
Antiviral Res. 19: 55-70, 1992). This is consistent with the data presented 
in Table 1. 

The data presented in Table 1 indicates that all three test compounds 
10 ((B-L-FddQ, (B-L-ddQ, and B-D-FDOQ), were potent inhibiton of HBV 
replication, causing depression of HBV virion DNA and HBV RI to a 
degree comparable to, or greater than, that observed following treatinent 
witii B-D-ddC. 
Example 4 

15 The effect of selected 6-L-derivatives against Hepatitis B virus 
rq>lication in transfected Hep G-2 cells is described in Table 4. 
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Example S 

The Comparative inhibitory effect of selected triphospahtes on 
woodchuck hepatitis virus DNA polymerase is set out in Table 5. 



Table 2: Comparative inhibitory activities of L-nudeoside 
triphosphates on woochuck hepatitis virus DNA polymerase and human 
DNA polymerase a and p. 



Inhibitor 


WHB DNA Pol 
ICjo (MM) 


DNA Pol a 
Ki(^M) 


DNA Pol p 
Ki(MM) 


P-L-AZTPP 


0.2 


>100 


>100 


p-L-ddATP 


2.1 


>100 


>100 


3-TC-TP 


1.0 


>100 


>100 


P-L-5FDDCTP 


2.0 


>100 


>100 



m. Preparation of Pharmaceutical Compositions 

The compounds disclosed herein and their pharmaceutically acceptable 
salts, prodrugs, and derivatives, are useful in the prevention and treatment 
of HBV infections and other related conditions such as anti-HBV antibody 
positive and HBV-positive conditions, chronic liver inflanmiation caused 
by HBV. cirrhosis, acute hepatitis, fuhninant hepatitis, chronic persistent 
hepatitis, and fadgue. These compounds or formulations can also be used 
prophylactically to prevent or retard the progression of clinical illness in 
individuals who are anti-HBV antibody or HBV-antigen positive or who 
have been exposed to HBV. 

Himians suffering from any of these conditions can be treated by 
administering to the patient an effective HBV-treatment amount of one or a 
mixture of the active compounds described herein or a pharmaceutically 
acceptable derivative or salt thereof, optionally in a pharmaceutically 
acceptable carrier or diluent. The active materials can be administered by 
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any appropriate route, for example. oraUy, parcntcraUy. intravenously, 
intradennally, subcutaneously, or topicaUy, in liquid or solid form. 

The active compound is included in the pharmaceutically acceptable 
carrier or diluent in an amount sufficient to deliver to a patient a 
5 ther^)eutically effective amount without causing serious toxic effects in the 
patient treated. 

A preferred dose of the active compound for all of the above- 
mentioned conditions will be in the range from about 1 to 60 me/kE. 
preferably 1 to 20 mg/kg, of body weight per day, more generaUy 0. 1 to 

1 0 about 100 mg per kilogram body weight of the recipient per day. The 
effective dosage range of the pharmaceutically accq)table derivatives can 
be calculated based on the weight of the parent nucleoside to be delivered. 
If the derivative exhibits activity in itself, the effective dosage can be 
estimatedasaboveusing the weight of the derivative, or by other means 

15 known to those skilled in the art In one embodiment, the active compound 
is administered as described in the product insert or Physician's Desk 
Reference for 3'-a2ido-3'-deoxythymidine (AZI), 2*,3'-dideoxyinosine 
(DDI), 2*,3*Hlideoxycytidine (DDC), or 2',3'-dideoxy-2',3'- 
didehydrothymidine (D4T) for HIV indication. 

2 0 The compound is conveniently administered in unit any suitable dosage 
form, including but not limited to one containing 7 to 3000 mg, preferably 
70 to 1400 mg of active ingredient per unit dosage form. A oral dosage of 
50-1000 mg is usually cmvenient. 

Ideally the active ingredient should be administered to achieve peak 

25 plasma concentrations of the active compound of from about 0.2 to 70 iiM , 
preferably about 1.0 to 10 ^M. This may be achieved, for example, by the 
intravenous injection of a 0. 1 to 5% solution of the active ingredient, 
optionally in saline, or administered as a bolus of the active ingredient. 
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The active compound can be provided in the form of phannaceutically 
accepuble salts. As used herein, the term pharmaceutically accq)table salts 
or complexes refers to salts or complexes of the nucleosides that retain the 
desired biological activity of the parent compound and exhibit minimal, if 
5 any, undesired toxicological effects. Nonlimiting examples of such salts 
are (a) acid addition salts formed with inorganic acids (for example, 
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric 
add, and the like), and salts formed with organic acids such as acetic acid, 
oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic 

10 add, tannic add, pamoic add, alginic add, polyglutamic add, 
naphthalenesulfonic adds, nsq>hthalenedisulfonic adds, and 
polygalacturonic add; (b) base addition salts formed with cations such as 
sodium, potassium, zinc, caldum, bismuth, barium, magnesium, 
aluminum, copper, cobalt, nickel, cadmium, sodium, potassium, and the 

15 like, or with an organic cation formed from N,N- 

dibenzylethylene-diamine, ammonium, or ethylenediamine; or (c) 
combinations of (a) and (b); e.g., a zinc tannate salt or the like. 

Modifications of the active compound, specifically at the or and 
S'-O positions, can affect the bioavailability and rate of metabolism of the 

20 active spedes, thus providing control over the delivery of the active 
^>e des . 

The concentration of active compound in the drug composition will 
depend on absorption, inactivatim, and excretion rates of the drug as well 
as other factors known to those of skill in the art It is to be noted that 
2 5 dosage values will also vary with the severity of the condition to be 
alleviated. It is to be further understood that for any particular subject, 
specific dosage regimens should be adjusted over time according to the 
individual need and the professional judgment f the person administering 
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or supervising the administration of the compositions, and that the 
concentration ranges set forth herein are exemplary only and are not 
intended to limit the scope or practice of the claimed composition. The 
active ingredient may be administered at once, or may be divided into a 
5 number of smaller doses to be administered at varying intervals of time. 
A preferred mode of administration of the active compound is oral. 
Oral compositions will generally include an inert diluent or an edible 
carrier. They may be enclosed in gelatin capsules or compressed into 
tablets. For the purpose of oral therapeutic administration, the active 

10 compound can be incorporated with excipients and used in the form of 
tablets, troches, or c^sules. Pharmaceutically compatible binding agents, 
and/or adjuvant materials can be included as part of the composition. 

The tablets, pills, capsules, troches and the like can contain any of tiie 
following ingredi^.ts, or compounds of a similar nature: a binder such as 

15 nucrocrystalline cellulose, gum tragacanth or gelatin; an excipient such as 
starch or lactose, a disint^rating agent such as alginic acid, Primogel, or 
com starch; a lubricant such as magnesium stearate or Sterotes; a glidant 
such as colloidal silicon dioxide; a sweetening agent such as sucrose or 
saccharin; of a flavoring agent such as pqjpermint, methyl salicylate, or 

20 orange flavwing. When the dosage unit form is a capsule, it can contain, 
in addition to material of the above type, a liquid carrier such as a fatty oil. 
In addition, dosage unit forms can contain various other materials which 
modify the physical form of the dosage unit, for example, coatings of 
sugar, shellac, or other enteric agents. 

2 5 The active compound or pharmaceutically accq)table salt or derivative 
thereof can be administered as a component of an elixir, suspension, syrup, 
wafer, chewing gum or the like. A syrup may contain, in addition to the 
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active compounds, sucrose as a sweetening agent and certain preservatives, 

dyes and colorings and flavors. 

The active compound, or pharmaccutically accq)table derivative or salt 

thereof can also be mixed with other active materials that do not impair the 
5 desired action, or with materials that supplement the desired action, such as 

antibiotics, antifungals, antiinflammatories, or other antivirals, including 

anti-HBV, anti<ytom^ovirus, or anti-HIV agents. 

Solutions or suspensions used for parenteral, intradermal, 

subcutaneous, or topical application can include the following components: 
10 a sterile diluent such as water for injection, saline solution, fixed oils, 

polyethylene glycob, glycerine, propylene glycol or other synthetic 

solvents; antibacterial agents such as benzyl alcohol or methyl porabens; 

antioxidants such as ascorbic acid or sodium bisulflte; chelating agents such 

as ethylenediaminetetraacetic add; buffers such as acetates, citrates or 
15 phosphates and agents for the adjustment of tonicity such as sodium 

chloride or dextrose. The parental preparation can be enclosed in 

ampoules, disposable syringes or multiple dose vials made of glass or 

plastic. 

If administered intravenously, preferred carriers are physiological 
2 0 saline or phosphate buffered saline (PBS). In a preferred embodiment, the 
active compounds are pr qa r ed with carriers that will protect the compound 
against rapid elinunation from the body, such as a controlled release 
formulation, including implants and microencapsulated delivery systems. 
Biod^radable, biocompatible polymers can be used, such as ethylene vinyl 
25 acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and 
polylactic acid. Methods for preparation of such formulations will be 
sqyparent to those skilled in the art. The materials can also be obtained 
commercially from Alza Corporation and Nova Pharmaceuticals, Inc. 
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Liposomal suqwisions (including liposomes targeted to infected cells 
with monoclonal antibodies to viral antigens) are also preferred as 
pharmaceutically acceptable carrien. These may be prepared according to 
methods known to those skilled in the art, fw example, as described in 
5 U.S. Patent No. 4,522,81 1 (which is incorporated herein by reference in 
its entirety). For example, liposome formulations may be prqiared by 
dissolving ^ropriate lipid(s) (such as stearoyl phoq)hatidyl edianolamine, 
stearovl ohosohatidvl choline, arachadnvl nhncnhori«iwt «h<vi;M. 
cholesterol) in an inorganic solvent that is then evaporated, leaving behind 

10 a thin film of dried lipid on the surface of the container. An aqueous 

solution of the active compound or its nKmofrfiosphate, diphosphate, and/or 
triphosphate derivatives are then introduced into the container. The 
container is then swirled by hand to free lipid material from the sides of the 
container and to disperse lipid aggregates, thereby forming the liposomal 

15 suspension. 

This invention has been described with reference to its preferred 
embodiments. Variations and modifications of the invention, will be 
obvious to those skilled in the art from the foregoing detailed description of 
the invention. It is intended that all of these variations and modifications 

20 be included within the scope of the appended claims. 
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We claim: 

1. A method for the treatment of HBV infection 
administering a hqntitis B treatment amount of a nucleotide of the 
5 formula: 



10 




15 wherein B is a purine or pyrimidine base; 

Y\ Y^ Y^, and arc indcpendenUy H, OH, N3, NR"r\ NO2, 

-O-alkyl, -O-aryl, hala, -CN, -CCONHj, SH, -S-alkyl, or -S-aryl, wherein 
typically three of Y\ Y\ Y^, and Y^ are either H or OH, R is a stabilized 
20 irfK)q)hate derivative. 

2. A method for the treatment of a patient infected with hepatitis B 
that includes administering a hqiatitis B treatment amount of a stabilized 
nucleotide prodrug of a nucleoside that exhibits antihqntitis B activity. 

3. The nnethod of claim 2, wherein the stabilized nucleotide is a 
2 5 SATE derivative. 

4. The method of claim 2, wherein the nucleoside is selected from the 
group consisting of 3TC and FTC. 
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5. The method of claim 2, wherein the nucleoside is selected fmm the 
group consisting of AZT, DDI, D4T, and DDC. 

6, The method of claim 2, wherein the nucleoside is selected from the 
group consisting of dideoxycytidine (6-L-FddQ, 6-D-2',3'-dideoxycytidine 

5 (B-D-ddC), fl-L-2',3*-dideoxy.5-nuorocytidine (B-L-ddQ, (-)-B-L-2- 
hydroxymethyl-5-(5-fluon)cytosin-l-yl)-l,3-oxathiolane((-)-B-L-FTC), 
(+)-g-D-2-hydroxymethyl-5-<5-fluorocytosin-l-yl)-l,3-dioxolane((-f-)-fi- 
D-FDOC), and B-L-2-amino-6-(RV9-[(4-hydn)xymethyl)-tetrahydrotuian- 
l-yllpurine. 

10 7. A pharmaceutical composition comprising an effective amount to 
treat a patient infected with hqntitis B of the nucleotide of claim 1 . 

8. A pharmaceutical composition comprising an effective amount to 
treat a patient infected with hqiatitis B of the nucleotide of claim 2. 

9. A pharmaceutical composition conqvising an effective amount to 
15 treat a patient infected with hqatitis B of the nucleotide of claim 3. 

10. A pharmaceutical composition comprising an effective amount to 
treat a patient infected with hqxuitis B of the nucleotide of claim 6. 
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